1.
Analogous to total domestic final demand where emissions from household and government final consumption and investment, including changes in business inventories are calculated regardless of the fact that the goods being consumed where imported or produced domestically.
Introduction

CO 2 Emissions -Background
The Intergovernmental Panel on Climate Change (IPCC), created in 1988 to assess the scientific, technical and socio-economic information relevant to anthropogenic emissions, established in its second report in 1995 a link between these emissions and climate change, stating that "the balance of evidence suggests a discernible human influence on global climate". The release of this report culminated in the adoption of the Kyoto Protocol to the United Nations Framework on Convention and Climate Change (UNFCCC) in December 1997.
The Kyoto Protocol (Box 1) set out a framework for measuring and reducing these emissions, and, acknowledging that economies are at different stages of development and that developed economies produce the majority of GHG emissions, encourages developed and transition economies, (known as Annex I 4 countries), to take the lead in limiting their emissions. Non-Annex I countries, made up largely of developing economies, are also encouraged to reduce emissions but, given their different stages of economic development, have no emissions targets.
Six types of GHGs are recognised in the Protocol: carbon dioxide (CO 2 ), Methane (CH 4 ), Nitrous Oxide (N 2 O), Hyrdofluorocarbons (HFCs), Petroflorcarbons (PFCs) and Sulphur Hexafluoride (SF 6 ). Chief amongst these is CO 2 from fossil fuel combustion, making up about 80% of total GHG emissions (Table 1) , and, which has increased by over two-thirds over the last three decades and 10% since 1990 (Figure 2 ). Table 2 provides a breakdown of the contribution made by different sectors to total domestic emissions in 24 selected countries, 5 with a detailed breakdown of the manufacturing sector to illustrate the importance of the metals and chemicals industries.
Emissions from electricity generation make-up about one-third of total global emissions from fossil fuel combustion, although the contribution of electricity differs significantly by country depending on the fuel sources used for electricity generation. The electricity industry in France for example, which generates most of its electricity using nuclear fuel sources, is responsible for only about 5% of total domestic emissions, compared to about 50% in Australia, Denmark, Greece, and Poland.
Emissions from transportation and manufacturing contribute about 20% each but, again, the contribution differs significantly by country. For example, emissions from transportation and manufacturing contributed 23% and 16% respectively of total Annex I emissions in 1995 compared to 14% and 32% in non Annex I economies, 6 although the contribution of transportation in non-Annex I economies is likely to increase as they develop. Importantly, as will be demonstrated, a significant share of total CO 2 emissions is emitted during the production process of final goods and services, directly by the (final good) producing industry, or indirectly by other industries supplying intermediate goods or services (e.g. electricity and transportation) to the (final good) producing industry.
5.
The 24 countries, with the year Input-Output tables are available shown in parentheses, are Italy, (1992); India (1993) ; Greece (1994) ; Australia, Czech Republic, Finland, France, Germany, Japan, Korea, Netherlands, Poland, Spain, UK, (1995); Brazil (1996) ; Canada, Denmark, Norway, US, China: (1997); Hungary, Sweden, Russia, (1998).
6.
Indeed even within Annex I economies significant differences exist, for example transportation was responsible for only 6% of the Czech Republic's emissions from fuel combustion in 1995 but about 30% in the US. For manufacturing however the position is reversed, 31% in the Czech Republic and 12% in the US. Annex I, Transition Economies: Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Russia, Slovakia, Slovenia and Ukraine.
Source: IEA Annex I countries as a whole have increased CO 2 emissions from fossil fuel consumption by just over 1% since 1990. Although this is broadly consistent with the Kyoto objective of stabilising emissions in 2000 at 1990 levels, this reflects significant reductions in emissions by Annex I transition economies. Indeed, excluding transition economies, emissions in Annex I countries (Annex II 7 parties) grew by over 10%. However this is significantly less than the growth in emissions from non-Annex I economies, which have more than trebled over the last three decades. This largely reflects the fact that non-Annex I countries are made up of mainly developing economies in the process of increasing industrialisation, leading inevitably to higher GHG emissions compared to their relatively low recent levels. Over this period the share of total emissions by non-Annex I economies is estimated 8 to have increased from under 20% to over 40%.
Growth in International Trade, 1990-2000
Between 1990 and 2000 the share of emissions from non-Annex I economies increased from just over 30% to just about 40%. Emissions in China alone increased by 0.7Gt CO 2 , [representing 3¼% of total global emissions in 2000, (22.7Gt CO 2 )]. Much of this increase reflects the production of goods for export to Annex I and OECD economies. In fact in 2000, China, accounted for over 8% of all goods imported into the 7.
Annex II parties: Annex I parties excluding transition economies.
8. Pre-1990 Estimates for Former Soviet Union and Yugoslav Republics Annex I parties assume that shares in 1990 for each country, as a percentage of the total emissions in the FSU or FYR, are unchanged.
US, 14% of imported goods in Japan, and 6% of goods in the EU; significantly higher than in 1990 (3, 5 and 3%).
Moreover between 1995 and 2000 OECD exports to the rest of the world grew by 7% in nominal terms, whereas imports from the rest of the world grew by 47%. And so, by 2000, the OECD trade deficit with the rest of the world stood at $340 billion compared to a broad balance in 1995 ($4 billion, deficit). At the detailed level the trade figures show that imports of GHG-intensive goods rose dramatically. For example OECD exports of metals to the rest of the world stood at $50billion in 1995, with imports standing at $55 billion. In 2000 however exports to the rest of the world fell to $40 billion whereas imports rose to $62 billion. In non-metallic mineral products (cement etc), the OECD's trade surplus has fallen from $3 billion in 1995 to zero in 2000 as import growth outpaced export growth (45% compared to 17%). In fact, even in those areas where OECD economies can be expected to have a competitive edge, imports from the rest of the world outpace exports. Taking Hi-Tech 9 industries as a whole, imports from the rest of the world have grown by 84% since 1995; more than double OECD export growth (41%), meaning that by 2000 a trade surplus of $33 billion in 1995 had become a trade deficit of $16 billion.
The fact that the Kyoto Protocol restricts emissions only in Annex I countries, but not elsewhere, means there is scope for Annex I countries to reduce domestic emissions without adjusting final demand patterns or finding more carbon efficient production methods to respond to these patterns. This is because they can import more of the goods from non-Annex I countries (whether intermediate or final demand) needed to meet final demand, rather than produce them domestically. This may have a negligible impact on global emissions but, as Annex I economies tend to use less carbon intensive production processes than non-Annex I economies, global emissions could well be higher.
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The concern for policy makers is that by imposing additional costs, such as taxes on fossil fuel use, the Kyoto protocol may inadvertently encourage such outcomes.
11 This will work to reinforce the long-term trend of the declining share of manufacturing in developed economies, which increasingly import the manufactured goods they once produced from non-Annex I countries.
Carbon-Intensities
The potential importance of this issue is not generally known. No comprehensive data set has yet been developed, which would allow trends in CO 2 emissions associated with trade flows to be monitored, or an empirical assessment of the supposition that production processes in developing economies are more carbon-intensive than those in developed economies. It is difficult to prove this conclusively without detailed data on emissions in equivalent production processes. One common way of examining the carbon-intensity of economies, overall, is to compare CO 2 emissions as a per cent of GDP in a common currency, e.g. US$. However, largely because of its aggregated nature, this comparison can be misleading in the context of assessing production processes since it assumes that:
• Prices for goods and services across countries are the same. For goods traded internationally this may be true but for services this is rarely so. Economies with cheap services relative to other countries tend to have lower GDP levels (when converted to a common currency) and thus higher economy-wide carbon-intensities.
• Economies produce, relatively, the same basket of goods, which is rarely the case. Economies with abundant natural mineral resources for example tend to have industries that either extract or exploit these resources and export much of their output. So for example economy A, with a higher proportion of carbon-intensive industries producing goods for export, than economy B, will tend to have higher economy-wide carbon-intensities even if all manufacturing processes are as carbon-intensive as those in economy B.
• A significant proportion of emissions are emitted directly by households, mainly for transportation, or indirectly by consuming electricity for household consumption for example. Higher emissions by the household sector in one economy relative to another will in turn lead to higher economy wide emissions although production processes may be equivalent.
Figure 2 below tries to compensate for the last bullet-point by excluding emissions from transportation, since much of these are related to the household sector (or exports), any emissions from electricity generation related to household consumption of electricity, and any other direct emissions from the household sector. It shows emissions in 50 countries/regions, responsible for over 95% of CO 2 emissions from fossil fuel consumption in 1995; showing global share of emissions for each country/region. It shows that Australia has the highest emissions per US$ of GDP of all Annex II economies but still significantly less than the ratios in Annex I Transition economies and most non-Annex I countries with significant shares of global CO 2 emissions. For example Australian ratios, on this basis, are about one-tenth the size of China's and Russia's and about one-twentieth of Ukraine's.
Australia's position as the most carbon-intensive of Annex II economies partly reflects the fact that electricity generation in Australia is relatively carbon-intensive (coal being the primary source) but also the fact that it exports a relatively high proportion of carbon-intensive products; which the comparison below does not adjust for. The relative position of non-Annex I economies however and Annex I transition economies is affected by differences between actual exchange rates and exchange rates adjusted for purchasing power parities. Figure 3 reproduces the comparison in Figure 2 but with GDP adjusted for purchasing power parities.
In this comparison the position of non-Annex I and Annex I transition economies relative to Annex II economies is much closer, indeed, on a PPP basis, ratio's fall in nearly all of these economies, relative to ratios calculated using actual exchange rates. For example China's ratio is only roughly double that of Australia's, Russia's three times Australia's and Ukraine's about 5 times as much. The actual position of China relative to Australia is likely to fall somewhere in between these two ratios (2 to 10 times as much).
What these charts say about the relative carbon-intensities of production processes in each country however is difficult to deduce but they do support the supposition that they are more carbon-intensive in non-Annex I and transition economies. Given this likelihood the concern that by imposing additional costs on production in Annex I economies, such as taxes on fossil fuel use, the Kyoto protocol may inadvertently lead to increases in global GHG emissions warrants scrutiny. A comparison of emissions generated directly and indirectly to meet total final domestic demand in economies can give some indication of the size and importance of this issue; in other words by estimating emissions embodied in imports and exports.
Identifying the influence of incentives arising from the Kyoto Protocol on these emissions and trade flows would require an empirically based behavioural model. Equilibrium models such as the OECD's GREEN model have attempted to establish the possible size of changes in global (CO 2 ) emissions (by measuring carbon-leakage) that might occur in response to policy or price changes, and these have tended to suggest that this was not likely to be significant. However these models require a number of behavioural assumptions, whose empirical basis is limited, that restrict the confidence with which conclusions can be drawn. Moreover since the GREEN model was developed the world has changed a great deal, in a way that would have been difficult to predict back then: in particular the collapse of centrally planned economies, the increasing importance of China and, especially since the creation of NAFTA, Mexico, 12 as producers and exporters of manufactured goods. This paper proposes the use of input-output (IO), bilateral trade, and IEA CO 2 emissions' data to develop data, which can serve as a starting point for an empirical assessment of this issue. The methodology is explained in Section 2. A forthcoming paper detailing the results of this work is planned for June 2003. In the longer term, as a time series of IO tables is developed, it is envisaged that the scope of this methodology can be extended to determine not just the size and importance of embodied emissions at a fixed point in time but, also, whether the growth in emissions generated by domestic production has decoupled from the growth in emissions generated (whether domestically or abroad) to meet total domestic (final) demand. Moreover the development of a time series and more recent IO tables can be used as updated inputs into general equilibrium models such as GREEN and GTAP. 13 
12.
Mexico is not an Annex I country and Mexico's shares of US and Canadian imports have increased from 6% and 1% in 1990 to 11% and 3% respectively. Notes: Italy, 1992; India 1993; Greece 1994; Australia, Czech Republic, Finland, France, Germany, Japan, Korea, Netherlands, Poland, Spain, UK, 1995; Brazil 1996; Canada, Denmark, Norway, US, China: 1997; Hungary, Sweden, Russia, 1998 . Source: IEA. 
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Methodology
Embodied emissions
The schematic below provides a very simple exposition of how changes in production patterns can impact on domestic emissions figures, without necessarily changing global emissions, and introduces the concept of "embodied " emissions. It shows a hypothetical production process required to build a motor car from start to finish, beginning with metal ore extraction, in country "W". Emissions generated during each process are shown, so one unit of coal and mineral ore extraction required to build one car results in "A" direct GHG emissions and "A1" other (indirect emissions), which, for ease of understanding we will assume to be emissions related only to the generation of electricity. Note that, in this example, direct GHG emissions are only generated by the extraction (e.g. flaring) and steel production (e.g. coke burning) industries. Therefore, total emissions directly generated by the five processes shown below are equal to "A + B", and indirect use of electricity has led to emissions of "A1 + B1 + C1 + D1 + E1". Total economy emissions generated directly and indirectly for one car produced in "W" are therefore equal to the sum of all 7 emissions. Now consider what happens if coal and mineral ore extraction operations move to Country "X", Steel Production to Country "Y" and engine, chassis and parts production to Country "Z", with "W" in effect merely assembling motor cars for consumption by domestic consumers (and exports). In this scenario emissions in "W" fall to "D1 + E1" but global emissions remain unchanged (assuming the productive efficiency in each country is the same). Note too that as a result of the changes in production, emissions related to electricity generation have also fallen in "W".
In this way it can be seen that measure of emissions embodied in total final domestic demand in economy "W" (irrespective of whether emissions are directly generated in economy "W" "X" "Ý" or "Z") can serve as a complement to the more conventional measure based on direct emissions in economy "W". This measure is referred to as domestic consumption in the remainder of this paper (see Box 1 below).
Box 1. The Kyoto Protocol
The text of the Protocol to the UNFCCC was adopted at the third session of the Conference of the (188) Parties to the UNFCCC in Kyoto, Japan, on 11 December 1997; it was open for signature from 16 March 1998 to 15 March 1999 at United Nations Headquarters, New York. By that date the Protocol had received 84 signatures. Those Parties that have not yet signed the Kyoto Protocol may accede to it at any time and it enters into force 90 days after the date on which not less than 55 Parties to the Convention, incorporating Annex I Parties which accounted in total for at least 55% of the total carbon dioxide emissions for 1990 from that group, have deposited their instruments of ratification, acceptance, approval or accession. At present (March 2003) 106 Parties to the Convention have deposited these instruments, incorporating 43.9% of Annex I emissions in 1990, see below. "Annex I" Parties to the convention were called upon to adopt policies that would return GHG emissions to 1990 levels (with a few exceptions) by the year 2000, and in the medium term, for greenhouse gas (GHG) emissions to be reduced by at least 5% by 2008-2012 (the commitment period) compared to 1990 levels, see below. Source: UNFCC. (The EU as a group are committed to an 8% reduction, the figures in parentheses are the individual national rates allocated through an EU agreement. Source EEA.)
The policy instruments encouraged by the Protocol to achieve these commitments are varied, for example: taxes on the use of fossil fuels and energy (electricity); fiscal measures encouraging the use or development of cleaner technology; protection and enhancement of GHG sinks and reservoirs; progressive reduction of market imperfection and fiscal incentives in GHG emitting sectors that run counter to the Kyoto objective; and emissions trading permits, allowing ratifying countries to sell permits if actual emissions fall below their individual targets set out in the Protocol. The Protocol also encourages the transfer of cleaner technology between countries by providing emissions credits for such transfers. Two mechanisms exist, 1) the Joint Implementation Mechanism (JIM), which gives emission credits to Annex I parties that implement emission reduction projects, or increase removals by sinks, in other Annex I countries (operative from 2008), and; 2) Clean Development Mechanisms, which are similar to JIMs but concern transfers between Annex I and non-Annex I countries (from 2000).
The principle of domestic consumption measures is that the total emissions related to the production of the car should be allocated to the final consumer, since they gain the utility and to some extent initiated the production process via their demand. With this measure total domestic consumption of GHG emissions is the same wherever production occurs. In effect the emissions directly and indirectly generated at each step of the production process are "embodied" in the product sold. Therefore one unit of coal and mineral ore, contains "A + A1" of embodied emissions, one unit of processed steel embodies "A + A1 + B + B1" of emissions and so on.
Calculating these estimates is non-trivial. At each stage of production it requires the estimation of emissions related to electricity generation, for example, to be "embodied" within each unit of output sold (in fact it requires emissions embodied in all intermediate inputs, not just energy, to be re-embodied at each stage of production). These embodied emissions subsequently need to be traced across all economies, from Country "X" through to "W".
The OECD has assembled the basics of the accounting framework needed to provide indicative estimates of these measures: Input-Output tables (representing the production process), bilateral trade data and IEA CO 2 emissions (from fossil fuel combustion) data (see Section 3). A number of assumptions are needed in conducting an analysis of this nature. Because the aim of the study is primarily to establish the importance of embodied emissions and, in particular, to determine whether they warrant specific policy measures, the emphasis will be to use assumptions that produce conservative estimates of embodied emissions, biased downwards, so as not to exaggerate the need for specific policy measures (see Section 4).
The approach is to calculate, for each country (W):
1. CO 2 emitted during the domestic production of manufactured goods and embodied within:
a. Manufactured goods and services consumed in country (W), (and exports of services).
b. Exports of manufactured products from country (W).
2. CO 2 emitted (by other countries) during the production of manufactured goods for export to country (W), and embodied within:
a. Manufactured goods and services consumed in country (W) (and exports of services).
In this way it is possible to define the following aggregates for country (W):
• Domestic consumption of CO 2 emissions = (1.a) + (2.a)
• Domestic production of CO2 emissions = (1.a) + (1.b)
• Total exports of embodied emissions = (1.b) + (2.b)
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• Total imports of embodied emissions = (2.a) + (2.b)
14.
Often referred to as re-exported emissions in the remainder of this report. This includes emissions embodied in imports that are directly (re) exported with no additional processing and emissions embodied in imports used in the process of producing exports. Note the double accounting nature of imports and exports which both include this emissions component.
• Net trade balance in embodied emissions = (1.b) -(2.a).
The Input-Output Framework
Let the production function (input-output table) at a point in time for a country be defined as A, with components, a ij that represent the ratio of domestic inputs from industry i to the output of industry j (known as the Leontief matrix) where n is the number of industries, and industries 1 to k (< n) are manufacturing. Further let the import matrix (with dimension k*n) be defined as M c , with components m cij representing the ratio of manufactured imports from industry i in country c (the exporting country) to the output of domestic industry j at f.o.b. prices. Total CO 2 consumed within this economy (assuming no imports of services) can be shown to be equal to:
Where E is a 1*n vector of the ratio of CO 2 emissions per monetary value of domestic output by industry with zero entries for all service industries; D is an n*1 vector of domestic consumption 15 of domestic production; m E c is a 1*k vector of CO 2 emissions per unit of country c exports (converted into the importing country's currency), and known here as the export emission ratio (emission factor); and m D c is an n*1 vector of imports from country c directly purchased as domestic final consumption (not intermediate). W is the total number of exporting countries.
The first term in equation (I) can be shown to be equivalent to (1a) above, (domestic emissions consumed domestically), and the second term can be shown to be equivalent to (2a) above, (imported embodied emissions in manufactured products consumed domestically).
One important point to note is that m E c includes both domestically produced and imported emissions. The "j"th component of which can be shown to be equal to: The first term in equation (III) can be shown to be equivalent to (1b) above, (domestic emissions embodied within manufactured exports) and the second term to be equivalent to (2b), (imported emissions embodied within manufactured exports). It should be evident from equations (II) and (III) that the export emission ratio m E c, involves an iterative 15. "Domestic consumption" includes household and general government final consumption, investment including changes in inventories, and exports of services but not exports of manufactured products (ISIC 1-40).
process, since it is a function of the export emission ratios in other countries, which are in turn dependent on m E c. In this study this iterative process was started by setting (2b) above in equation (III) to zero.
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Data
Three datasets are available for this study: input-output tables, international trade flows in manufactured products, and estimates of CO 2 emissions from fuel combustion by industry and country. Estimates of CO 2 emissions from fuel combustion, embedded within the imports and exports of manufactured goods, agricultural products, mining and quarrying and electricity, are calculated for each country. In this way it is possible to show CO 2 emissions' generated by total final domestic demand (households, government, investment, inventory changes), domestic consumption of embodied emissions, as a complement to the more conventional measures based on domestic production.
A number of studies have attempted to investigate CO 2 emissions using this approach, 17 most however assume that imported goods are produced in other countries using the same production processes as goods produced domestically. But, at least, for developed economies, this approach is likely to underestimate the significance of trade on global emissions embodied in traded goods. This mainly reflects the fact that goods made in developing economies are likely to be more carbon-intensive than the same goods made in developed economies. This study plans to overcome any bias by taking technical coefficients from input-output tables (to reflect production processes) in 24 economies (see below) representing over 80% of world GDP (source World Bank, 2001 data) and CO 2 emissions from fuel combustion (source IEA).
Input-Output Tables
Input-Output tables for 24 countries are available for use in this study : Australia 1994/95; Brazil 1996 , Canada 1997 China 1997 , Czech Republic 1995 Denmark 1997; France 1995; Finland 1995; Germany 1995; Greece 1994; Hungary 1998; India 1993 , Italy 1992 Japan 1995 and 1997; Korea 1995; Netherlands 1995 and 1997; New Zealand 1995 /96, Norway 1997 Poland 1995; Russia 1998 , Spain 1995 Sweden 1998; UK 1995; and US 1997. All Tables are produced on Most of these tables have been produced by the OECD Secretariat, largely by converting existing country supply and use tables, and are under continued development. This transformation process uses varying degrees of assumption depending on the country, and the aim is to reduce the scale of these assumptions, as more data becomes available.
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The OECD input-output tables are produced on a 41 industry-by-industry basis but for the purposes of this analysis they have been collapsed to a 17-industry basis, 16 .
It is interesting to note that the same results could be achieved by defining an input-output table with dimension (n*w) by (n*w), where w is the number of separate countries (or regions) defined in the system, and where sales of services across countries (imports of services) are set to zero.
17.
Indeed some environmental measures already incorporate this principal, for example the "ecological footprint" and the Montreal Protocol on Substances that deplete the Ozone Layer (see, http://www.unep.org/ozone/montreal.shtml) .
18.
The OECD Input-Output database, paper presented to 14th International Conference on IO TechniquesMontreal, October, 2002 described in Table 3 below. Because the industry classification for those industries where significant direct emissions occur (electricity, metals, chemicals) is the same in both the 17 and 41 industry classification the sensitivity of the results to the level of aggregation is not expected to be significant, although this will be tested. 
IEA CO 2 emissions
The classification of industries shown above is based on the industry classification used in the International Energy Agency's database, where CO 2 19 emissions by each industry group are available. The estimates of CO 2 emissions from fuel combustion are calculated using the IEA energy balances together with default methods and emission factors from Revised IPCC Guidelines for National Greenhouse Gas Inventories, using the IPCC Tier 1 Sectoral Approach. For the purposes of this study a number of points should be noted:
• IEA estimates of CO 2 emissions from fuel combustion and countries own estimates may differ, although in general these are not significant. This mainly reflects the fact that countries may have more detailed information on emissions from fuel combustion than is available at the IEA. For example the IEA uses an average net calorific value (NCV) for coal, whereas countries may have specific NCVs for production, imports, exports etc. Equally IEA estimates include emissions from coke inputs into blast furnaces, 20 whereas countries may have included these emissions in the IPCC Industrial Process category, and not the Fuel combustion category used here. IEA fuel data comes directly from IEA Member Countries.
19.
Further information can be found at www.IEA.org. See also IEA's annual publication "CO 2 Emissions from Fuel combustion".
20.
In the reduction of iron in a blast furnace through the combustion of coke, the primary purpose of coke oxidation is to produce pig iron and the emissions can be considered as in industrial process, as is the practice in some countries, these emissions are included in fuel combustion emissions in the IEA statistics.
• One industrial sector of IEA data warrants specific mention, Unallocated Auto-producers. This sector includes emissions from producers that generate their own electricity or heat, wholly or partly, for their own use as an activity that supports their primary activity. Ideally these emissions should be allocated to the actual ISIC industry where the producers are classified but it difficult to achieve. That said these emissions are not particularly significant in the context of the estimates presented above for most countries (see Table 2 ). For example, in the US, emissions from Unallocated Auto-producers made up about 5% of total emissions in 1997. As manufactured exports make up about 6% of total final demand (of domestic products) in the US, most of the emissions from auto-producers can be expected to be embodied within products consumed domestically. Although much depends on which industries are actually responsible for the emissions. The significance of this will be tested in the planned analysis. That said the default position will be to exclude these emissions from the main analysis and thus emissions embodied in imports and exports will be correspondingly lower, ensuring that the general theme of producing conservative estimates will be maintained. For some countries however the size of auto-producers is significant, in particular Russia.
• IEA data does not specify which industries have been responsible for transportation emissions; since the emissions data is calculated on the basis of the carbon content of petrel/diesel designated for transport use, supplied into an economy, not by user. Indeed the total figure for emissions related to transportation includes households and not just industries. It is possible to estimate the emissions in each sector by applying carbon coefficients to their purchases of petrol. However this may introduce systematic biases in the results based on the geographical size of countries. The bias comes about because estimates of the value of transportation within imports (which are measured on c.i.f. 21 basis) are not available. If, for any product, emissions from fuel-used in domestic transportation were embodied, but estimates from foreign transportation were not, an inconsistency and potential bias would be introduced. For example it would mean that fuel used in transporting a good from the East-Coast to the West-Coast of the US would be embodied within the good but fuel used in transporting the same good from Spain, say, to the West-Coast would not, and so emissions embodied in US produced goods would appear to be higher, even if the production process in the US was the same as that in Spain. It is possible however to provide illustrative estimates of these embodied emissions, using stylised assumptions which attempt to overcome this bias, and these will be investigated.
• IEA emissions data covers only CO 2 emissions from fossil fuel combustion, responsible for about three-quarters of anthropogenic GHG emissions. Other GHGs might be important for some industries (e.g. aluminium production emits PFCs) but these will not be considered in this study.
Bilateral Trade
The OECD Bilateral Trade database 22 shows imports into and exports from 41 countries/regions, 23 by producing country and destination country, for all 2-digit 21. C.I.F (cost, insurance, freight) prices show the value of imports at the importing country's frontier, including the insurance and freight charges incurred between the exporter's frontier and that of the importer.
22.
Source: OECD Bilateral Trade database, Science Technology and Industry Directorate.
products within ISIC 01-40. The countries/regions covered are: All OECD countries, Argentina, Brazil, China, Hong Kong, India, Indonesia, Malaysia, Philippines; Singapore, Thailand, Taiwan, and the Rest of the World (ROW).
There are some data quality issues concerning the bilateral trade database. The first relates to the fact that imports by country A from country B are not always consistent with exports from country B to country A. This is partly because exports are on an f.o.b. 24 basis whereas imports are recorded c.i.f. (this study assumes that 10% of the import value reflects transportation and insurance costs) but other factors play a part too. For example a lot of trade from China goes through Hong Kong, and Chinese data may record this trade as exports to Hong Kong, whereas reporting-importing countries may record the goods as having come from China, not Hong Kong. Equally the bilateral trade data is not always consistent with the equivalent country totals shown in the corresponding input-output tables.
Ideally CO 2 emissions embodied in imports of services would also be recorded in the estimates of embodied emissions. The lack of bilateral trade data in services makes it difficult to do this, however, and so, the analysis will focus on emissions embodied in goods. The input-output tables do however contain estimates of trade in services, and so provide a possible starting point for estimating embodied emissions in international trade in services, assuming an internationally common emissions factor for services can be derived or estimated. However in adopting this approach it is important to have estimates of imports by product on an f.o.b. basis; which is rarely the case. Not accommodating for c.i.f./f.o.b. differences is a common error in much of the literature on this subject and is likely to contribute to the general pattern of low total CO 2 emissions embodied in imports, relative to total CO 2 embodied in exports, often recorded in these analyses, since exports of transport services usually have relatively high emissions factors.
Assumptions
The section that follows focuses primarily on the assumptions required to develop the data sources needed in this study. It does not focus on the conventional IO assumptions. One IO assumption that is worth mentioning here however concerns differential pricing, namely that the analysis assumes that goods produced in any country are sold for the same price in the domestic market as abroad and that domestic consumers, whether industries or households, pay the same price for all goods produced domestically. In some key industries, such as electricity, this is rarely the case. Households tend to pay more per KWh of electricity than industries, and this means that estimates of emission factors for manufactured goods are likely to be lower than they would be if it were possible to correct for differential pricing in electricity, as are estimates of emissions embodied in imports and exports.
As stated earlier, the key aim of this study is to establish the significance of emissions embodied in imports and exports and whether it is large enough to warrant policy scrutiny. In this regard it is important to establish that this is so unconditionally. Meaning that, as far as is possible, establishing that the emissions do warrant policy action is not dependent on the nature of assumptions used. As such where assumptions are necessary 23 .
Bilateral trade between non-member countries is not covered however, for example Brazil's exports to Argentina are not shown in the database.
24.
F.O.B (free-on-board) prices are valued at the exporter's frontier value.
they will tend to lead to estimates of embodied emissions that are biased downwards. In most cases variant estimates, based on less conservative assumptions, can also be produced to illustrate the sensitivity of the estimates to the assumptions used and thus the conservative nature of the central results.
CO 2 emissions from industrial production only
Because bilateral trade data is only presently available for goods and electricity (ISIC 01-40), the main focus of the study will be on CO 2 emissions used by the industrial production sector (agriculture, mining and quarrying, manufacturing and electricity generation), embodied in imports and exports of goods, and not emissions related to fuel-use for transportation and direct emissions by the service sector, although indicative estimates of these emissions are planned. This means that the estimates presented for imports and exports of embodied emissions will be biased downwards.
Estimating Emission Factors in countries where IO data is not available
For those countries/regions where input-output tables are not available, export emissions' ratios ( m E c in equation (I) above), will be estimated on the basis of the emissions ratios of countries that are believed to have similar emissions profiles and production processes, except for electricity generation and oil and gas extraction in OPEC countries, (see below). These assumptions are shown below, listing the country where IO data is not available first, followed by its "proxy" country in parentheses and italics. 
Adjusting for differences in electricity generation
In most countries electricity generation is responsible for most CO 2 emissions (Table 2 ). Moreover the carbon-intensity of electricity generation differs significantly across countries, (Table 4) . Because of the significance of electricity emissions and the variance in the carbon-intensity of electricity generation across countries, it is proposed that emission ratios in each country where IO tables are not available will need to be adjusted to reflect known differences in the carbon-intensity of electricity generation. The adjustment is best described by an example. Electricity produced in Germany for example produces nearly 3 times as much CO 2 emissions per KWh of electricity than in Austria. To estimate Austrian emission factors therefore it will be assumed that the production process of each industry in Austria is the same as that in Germany, except that electricity is 3 times less carbon intensive. So, for given unit of Austrian manufactured output, embodied emissions that reflect electricity inputs are three times lower than in Germany. In other words, in equation (I) above, the component for Austrian electricity in vector "E" is one third that of Germany's. All other components of the equation remain the same as their German equivalents. Source: IEA.
Gas and Oil -Extraction and Refining
Emission factors for oil and gas extraction for OPEC countries will be separately estimated by taking IEA estimates of direct emissions by the "crude/refined oil and gas" sector in each OPEC country and dividing these figures by the $US value of crude/refined oil and gas output in each country. An average OPEC value can be calculated by weighting emissions by output in each OPEC country.
Although these assumptions are likely to introduce a potential source of error, most trade within the 24 countries studied is conducted within the 24 countries where there is IO data, limiting the extent of errors from this source, see Table 5 below, although because emission factors are likely to differ significantly across countries (Figures 2 and  3) , changes in the assumptions might impact significantly on estimates of embodied emissions. This is mitigated however by the fact that the assumptions chosen are deliberately conservative, (e.g. using US emission factors as proxies for ROW countries), although it is planned to test the sensitivity of the results to these assumptions by varying the proxy country chosen. As the coverage of the IO database expands so to will the ratios in Table 4 rise. In this context the inclusion of IO tables for high trade, high emission non-member OECD countries, such as Singapore, Malaysia, Indonesia, and Chinese Taipei is as important as the inclusion of other OECD Member countries, such as Mexico, although the importance of each country varies according to the importing country, Mexico for example is very important for the US statistics as are Asian economies to Japan.
Coherence between IEA emissions data and Input-Output tables
The analysis will assume coherence in industrial classifications. Both the IEA data and Input-Output data are based on ISIC rev 3 classifications but it is difficult to ensure, without further investigation, that establishments in both data sets have been allocated consistently.
Bilateral Trade Data -Allocation of imports to industries
Bilateral trade data cannot identify which domestic industries are responsible for imports. This can be estimated using import proportions in the input-output framework for each country. So for example, for country A, if industry A1 imports 10% of total economy imports of product Y, (40% of which comes from country B and 60% from country C), the model assumes that 4% of Y from country B and 6% of Y from country C are imported by industry A1.
Differences in IO years
Because not all input-output tables cover the same year, estimates of emissions embodied in exports from country A to country B in year t, will need to be converted to emissions embodied in imports into country B from country A by assuming that the emission ratio is constant for given volume of output for each product over time. It is planned to use US output price indices at the 41 IO industry level to deflate exports and imports into the appropriate year's prices, adjusted for movements in exchange rates. It is not known whether this will adversely affect the results without further investigation but it seems unlikely that it will; since most IO tables cover the period 95-97 (the smaller the period of time the less likely the change in deflators), and because, for most countries, most trade occurs with countries that have IO tables in the same year. For example the US tables are for 1997, and IO tables with most key trading partners are also available in this year: Canada, China, Japan, as well as Denmark, Netherlands, Norway.
Further applications
Time Series data
In theory it is possible to extend the method used in this section to calculate a time series of domestic consumption. The key assumption in applying input-output analysis to time series data is that the technology in use and relative prices (hence IO coefficients) remain constant over time. For short periods of time this is not an unreasonable assumption, and where only one year is analysed (the same year as the input-output table) it is not necessary at all (and this is largely the case for the proposed analysis set out in Section 2). For longer periods of time however the assumption becomes increasingly weak; particularly if the period of time covers unusual economic events; such as significant changes in relative prices (e.g. oil price shocks); new technology development and adoption etc, and/or unusual political events e.g. the move from centrally planned to market economies. Different countries are likely to be affected to varying degrees by these events/processes but it seems likely that economies in transition and economies in the process of industrialisation are likely to have experienced significant changes in their production functions over the last decade. In this context it seems highly likely that production methods as reflected in IO tables for China, Russia, India, Hungary, Poland, and the Czech Republic have changed considerably over the 1990s. Considerable changes have also occurred in developed economies, for example Denmark's increasing use of renewable energy sources for electricity, or the UK's switch from coal to gas powered generation.
Nevertheless over a relatively short period of time it may be useful to estimate and investigate outcomes on a "business as usual" assumption, assuming stability in IO coefficients. This would provide tentative indications of trends over time provided production processes remain largely unchanged.
Decomposing emission factors using own emission factors
The methodology described above will result in emissions factors that reflect not only the relative carbon intensity of production processes within countries but also the relative importance of trade more generally. For example, imports make up a relatively small proportion of US GDP and so, ceteris paribus, emissions embodied in imports, as a proportion of total domestic emissions, are also likely to be small compared to other countries. One way of isolating the importance of trade from differences in production processes is to estimate the size of embodied emissions in imports if the emission factors for imports are assumed to be the same as those used domestically.
Most studies conducted in this area tend to adopt this approach. Although, as stated earlier, this is likely to underestimate embodied emissions for developed economies. Nevertheless taken together with the approach outlined above estimates based on own-emission factors help to illustrate two points: (1) The importance of trade generally, and in particular whether exported goods are more CO 2 -intensive than imports and (2) The importance of the origin of imports. A comparison of estimates produced using both approaches will provide an insight into how carbon-intensive production processes are in each country relative to the average "international intensity" 25 for that country.
As such it will be possible to disentangle some of the factors that underpin estimates of emissions embodied in imports and exports. For example if a country with a (monetary) trade surplus imported the same mix of products as it exported, (and for any given product the emission factor was the same for goods imported and exported), emissions embodied in exports would be higher than emissions embodied in imports;
25.
The phrase "international intensity' is used to describe the average emission factor for total imported goods in any country. This measure will differ for each country since it reflects the mix of products imported by trading partner; which will be different in each country. In essence (for the importing country) this boils down to comparing emissions embodied in imports using the importing country's emission factors and emissions embodied in imports using actual emission factors in each exporting country. If the former is higher this indicates a more carbon intensive production process than the "international' average. An alternative approach to determine this is to examine emissions embodied in exports using both approaches (a different weighting mechanism). Using this method Australia, Canada, and Greece have emission factors close to their "international' average.
entirely reflecting the (monetary) trade surplus. Therefore for any country with a (monetary) trade deficit but with a surplus in embodied emissions (higher emissions embodied in exports than imports), it follows that the mix of exported goods must be more carbon-intensive than the mix of imported goods. On the other hand countries with (monetary) trade surpluses but deficits in embodied emissions must import more carbon-intensive products than they export.
Moreover by comparing estimates of emissions embodied in imports using own-emission factors with estimates of emissions embodied in imports using estimated actual emission factors it will be possible to determine whether the domestic production process is more carbon-intensive than the average "international intensity".
Concluding comments
Emissions in non-Annex I economies are significant and growing at a faster rate than emissions in Annex I economies. Concurrent with this is the decline in the relative size of the manufacturing base in developed economies and a growing dependence in these economies on goods produced in non Annex I economies. The method proposed in this paper is designed to reveal the significance of CO 2 emissions in embodied in imported manufactured goods in OECD economies, providing estimates of emissions based on domestic consumption that can be used to complement the domestic production measures adopted in the Kyoto Protocol.
The role of Chinese exports in this analysis, (and to a lesser but still significant extent) Russia, may prove significant. For example, trade between China and the OECD, in particular, has increased rapidly over the last ten years (and looks set to continue), if this trend continues, the emissions embodied in imports by the OECD may become significant, if they are not already so. On the other hand any growth in embodied emissions through increased imports could be offset by reductions coming through from technological advances in the production processes in these countries. The large difference in carbon-intensities of non-OECD and OECD economies (Figures 2 and 3) suggest that the scope for reductions through Clean Development and Joint Development Mechanisms is considerable.
It is difficult to predict how embodied emissions in OECD trade are likely to change in the future but it seems more likely than not, that domestic policies predicated on reducing production by domestic industries will exacerbate the growth in imported emissions, since they (inadvertently) provide an incentive to companies to outsource CO 2 intensive production processes to countries with less restrictive GHG reduction regimes, because of competitive forces. If this is done in tandem with a transfer of more efficient production processes, then the impact on global CO 2 emissions may still be downwards but if imports merely displace domestic production the outcome will possibly be different.
Embodied emissions and the importance of international trade in this context are of course not new developments and it is possible that, were the data readily available, and of high quality, emissions' indicators based on consumption may also have been included in the Kyoto Protocol. The fact that they were not probably reflects, in part, the difficulty involved in estimating them, as well as the fact that polices aimed at reducing domestic production of GHGs are more easily effected. The accounting framework illustrated here can be used to complement the Kyoto Protocol and statistical measures giving policy makers an+ insight into the impact of domestic consumption on global emissions, as well as providing a vehicle that will facilitate an assessment of the reasons for changes in emissions in any country; for example distinguishing between changes in emissions that occur because of improved (less carbon-intensive) production processes and changes that occur because of increases in imports that displace domestic production.
The analysis described in this paper has already begun and we anticipate that results from this work will be available in the summer of 2003. 
